





2. Dinophysiales, Peridiniales, Prorocentrales








andersonii Paralytic shellfish poisoning toxins (PSP)
catenella Paralytic shellfish poisoning toxins (PSP)
fundyense Paralytic shellfish poisoning toxins (PSP)
minutum Paralytic shellfish poisoning toxins (PSP)
monilatum Goniodomin-A
ostenfeldii Spirolide
peruvianum Paralytic shellfish poisoning toxins (PSP)
pseudogoniaulax Goniodomin-A
tamarense Paralytic shellfish poisoning toxins (PSP)
tamiyavanichii Paralytic shellfish poisoning toxins (PSP)
Gambierdiscus
australes Ciguatera fish poisoning toxins (CTX)
pacificus Ciguatera fish poisoning toxins (CTX)
toxicus Ciguatera fish poisoning toxins (CTX)











bahamense Paralytic shellfish poisoning toxins (PSP)
Gymnodiniales:
Gymnodinium
































































H H H H OH












































































































































































Main Groups of Toxins
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Toxin R1 R2 R3 R4
STX H H H
NEO OH H H
GTX1 OH H OSO3-
GTX2 H H OSO3-
GTX3 H OSO3- H
GTX4 OH OSO3- H
B1= GTX5 H H H
B2= GTX6 OH H H
C3 OH H OSO3-
C1 H H OSO3-
C2 H OSO3- H
C4 OH OSO3- H
dc-STX H H H
dc-NEO OH H H
dc-GTX1 OH H OSO3-
dc-GTX2 H H OSO3-
dc-GTX3 H OSO3- H












































































































































Double charged PSP-toxins 
(no sulfonyl group)
Single charged PSP-toxins (1 
sulfonyl group)
Neutral PSP-toxins
(1 sulfonyl & 1 sulfate group)
1. Gonyaulacales, Gymnodiniales




1. PSP: Charges and Toxicity
Bernd Krock 2006
1. Gonyaulacales, Gymnodiniales
















Spirolide A:  R = H, Δ2,3
B:  R = H
C:  R = Me, Δ2,3
D:  R = Me
Spirolide G:  R = H
















13-DesMe Spirolide C: R = Me




























































































2. Macrolides: Spirolides – Chemical Structures
Bernd Krock 2006




















   
                  R1     R2             MW
       A         H     CH3   Δ2,3   691.5
desMeC    CH3   H      Δ2,3    691.5 
       B         H     CH3            693.5
desMeD    CH3   H               693.5
       C        CH3  CH3   Δ2,3   705.5
       D        CH3   CH3                 707.5
       E          H     CH3   Δ2,3  709.5





















anticholinergic activity by blocking of muscarinic acetylcholin receptors
=> Paralysis of the parasympathetic nervous system
(few toxicological studies)
Toxicity:
40 µg/kg in mice (ip) 
Oral toxicity: 1 mg/kg
1. Gonyaulacales, Gymnodiniales



















conformational change of actin leads to actomyosin ATPase activity
































Gymnodimine A Gymnodimine B
2. Macrolides: Gymnodimines
Toxicity:
LD50 (ip) in mice: 96µg/kg
Mode of Action:
Competitive blocker of muscarinic receptors (similiar toxic effect as 
spirolides)








































mechanism unknown, cytotoxic, low ichthyotoxicity (even though











































LD50 (ip): 286 µg/kg (mice)
LD50 (oral): > 54 mg/kgMode of Action:
mechanism unknown, no oral toxicity, not diarrheagenic, neurotoxic,











PbTx-2: R = CH2C(=CH2)CHO
PbTx-3:   R = CH2C(=CH2)CH2OH
PbTx-5:   K-Ring acetate
PbTx-6:   H-Ring epoxide
PbTx-8:   CH2COCH2Cl
PbTx-9:   R = CH2CH(CH3)CH2OH
PbTx-1:   R = CH2C(=CH2)CHO
PbTx-7:   R = CH2C(=CH2)CH2OH
























































A B C D





3. Ladder Frame Polyether Compounds: Brevetoxins – Structures







LD50 PbTx-1: 180 mg/kg (mice)
1. Gonyaulacales, Gymnodiniales
3. Ladder Frame Polyether Compounds: Brevetoxins – Toxicity & Mode of 
Action
Baden et al (2005): Environmental Health Perspectives 113(5), 621-625
Na channel activaters, repetitive neuronal firing until exhaustion of the nerve cell
Mode of Action:
Bind on site 5 of the α-subunit
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O HGambieric acid A
Bernd Krock 2006
Toxicity:
LD50 CTX-1: 0.25 µg/kg (mice)
LD50 MTX-1: 0.05 µg/kg (mice)
LD50 Gambierol: 50 µg/kg (mice)
LD50 Gambieric acid A: > 1000 µg/kg (mice)
Mode of Action:
Same as Brevetoxins:  Na channel activaters;
additionally block voltage gated potassium channels, prolongation of the duration
of presynaptic action potentials, enhancing neurotransmitter release => strong
convulsions
1. Gonyaulacales, Gymnodiniales






2. Dinophysiales, Peridiniales, Prorocentrales
Dinophysiales:
Dinophysis
acuminata Dinophysistoxins (DTX), Pectenotoxins (PTX)
acuta Dinophysistoxins (DTX), Pectenotoxins (PTX)
caudata Dinophysistoxins (DTX), Pectenotoxins (PTX)
fortii Pectenotoxins (PTX) 
miles Dinophysistoxins (DTX)
mitra Dinophysistoxins (DTX)




















crassipes Azaspiracids (AZA), Pectenotoxins (PTX)
Bernd Krock 2006




















































































































Toxin R1 R2 R3 R4
AZA-1 H CH3 H H
AZA-2 CH3 CH3 H H
AZA-3 H H H H
AZA-4 H H OH H
AZA-5 H H H OH
AZA-6 CH3 H H H
AZA-7 H CH3 OH H
AZA-8 H CH3 H OH
AZA-9 CH3 H OH H
AZA-10 CH3 H H OH





2. Dinophysiales, Peridiniales, Prorocentrales
1. Azaspiracids – Structures
Distribution of P. crassipes
Bernd Krock 2006
2. Dinophysiales, Peridiniales, Prorocentrales
1. Azaspiracids – Toxicity and Mode of Action
Toxicity:
LD50 AZA-1: 0.2 µg/kg (mice)
Mode of Action:
effects of AZA-1 on the arrangement of F-actin
⇒concurrent loss of pseudopodia, cytoplasmic extensions that function
in mobility and chemotaxis; effects on cytoskeleton
















2. Dinophysiales, Peridiniales, Prorocentrales
R1 R2 R3
OA H CH3 H
DTX1 H CH3 CH3
DTX2 H H CH3
DTX3 CH3CO CH3 CH3
Acyl-OA CH3CO CH3 H
2. Dinophysistoxins – Structures






2. Dinophysiales, Peridiniales, Prorocentrales
Pan, Y. et al. Marine Biology (1999) 134: 541-549
2. Dinophysistoxins – Biosynthesis
Bernd Krock 2006
2. Dinophysiales, Peridiniales, Prorocentrales
backward swimming of protozoa
Cohen et al. (1990) TIBS 15(3), 98-102 
2. Dinophysistoxins – Toxicity & Mode of Action
Toxicity:
LD50 OA: 192 µg/kg (mice)
Mode of Action:
specific inhibitor of protein phosphatases 1 
and 2a (inhibition of dephosphorylation of 
serine and threonine) => Long lasting
contractions of smooth muscles
diarrheagenic, tumorigenic
Bernd Krock 2006












































PTX2b CH3 CH3 S
PTX1 CH2OH CH3 R
PTX4 CH2OH CH3 S
PTX3 CHO CH3 R
PTX6 COOH CH3 R
PTX7 COOH CH3 S
PTX11 CH3 CH3 R
PTX11b CH3 CH3 S
PTX12 CH3 =CH2 R
R1 R2 R3 C7
PTX2c CH3 H CH3 S
PTX8 CH2OH H CH3 S
PTX9 COOH H CH3 S
PTX11c CH3 OH CH3 S











2. Dinophysiales, Peridiniales, Prorocentrales
3. Pectenotoxins – Toxicity and Mode of Action
Toxicity:
LD50 PTX2: 219 µg/kg (mice)
Mode of Action:
causes actin depolymerization => characteristic liver injuries. Within 1 hr
after the injection of pectenotoxin-1 numerous non-fatty vacuoles
appeared in the hepatocytes around the periportal regions of the hepatic
lobules
increased permeability of capillaries in the digestive tract and liver
nondiarrheagenic
Bernd Krock 2006










H2-a Toxic to shellfish but not ichthyotoxic









3. Diatoms, Cyanobacteria and Others
Diatoms:
Nitzschia
varis-varingica Domoic Acid (ASP)
Pseudo-Nitzschia
australis Domoic Acid (ASP)
calliantha Domoic Acid (ASP)
delicatissima Domoic Acid (ASP)
multiseries Domoic Acid (ASP)
multistriata Domoic Acid (ASP)
seriata Domoic Acid (ASP)
turgidula Domoic Acid (ASP)
ASP: Amnesic Shellfish Poisoning
Bernd Krock 2006
3. Diatoms, Cyanobacteria and Others
Domoic Acid
Toxicity:


















Glutamic acid agonist, binds to certain glutamic acid receptors (kainate receptors) in 
the brain and causes neuronal firing due to the inability of glutamate transporters to 
clear DA from the synaptic cleft, thus prolonging neuronal excitation.








3. Diatoms, Cyanobacteria and Others
Freshwater Cyanobacteria:
Anabaena
circinalis Anatoxin-a, Microcystins (MC), PSP





flos-aquae Anatoxin-a, PSP, Cylindrospermopsins (CYN)
gracile PSP
ovalisporum Cylindrospermopsins (CYN), Microcystins (MC)
Cylindrospermopsis
















Nostoc spp. Microcystins (MC)
Umezakia
natans Cylindrospermopsins (CYN)
3. Diatoms, Cyanobacteria and Others
Bernd Krock 2006
Anatoxin-a








LD50: 200 µg/kg (mice)
Mode of Action:
Binds to nicotinic acetylcholin receptor (nAChR)
⇒ Opening of the postsynaptic sodium channels























LD50: 50 µg/kg (mice)
Mode of Action:
Acetylcholin esterase (AChE) inhibitor
=> Opening of the postsynaptic sodium channels









3. Diatoms, Cyanobacteria and Others
Cylindrospermopsin



































Cylindrospermopsins – Mode of Action
3. Diatoms, Cyanobacteria and Others
Toxicity:
LD50: 2 mg/kg (mice)
Mode of Action:
competitive binding of the toxin to a catalytic site(s) involved in the
synthesis of pyrimidine nucleotides (i.e., uridine)
Inhibition in a noncompetitive manner of the in vitro activity of uridine










































































(6) D-Glu (iso) (7) N-methyldehydroAla (Mdha)
3. Diatoms, Cyanobacteria and Others
AA 1 AA 2 AA 3 AA 4 AA 5 AA 6 AA 7
D-Ala L-Leu D-MeAsp L-Arg Adda D-Glu Mdha
D-Ser L-Ala D-Asp L-Aib ADMAdda D-MeGlu Dha
L-Glu L-Ala DMAdda OC2H3(CH3)OH-Glu Dhb











































Microcystins/Noduarins – Toxicity and Mode of Action
3. Diatoms, Cyanobacteria and Others
Tumor promotion is attributed also to PP inhibition
Oxidative stress by formation of ROS stimulated by MCs
Toxicity:
LD50 MC-LR/NOD: 50 µg/kg (mice)
Mode of Action:
ADDA blocks the catalytic site of protein serine/threonine phosphatases
PP1 and PP2A
=> Hyperphosphorylation => cytoskeletal rearrangements => changes in 
whole-cell morphology
Bernd Krock 2006











3. Diatoms, Cyanobacteria and Others



































3. Diatoms, Cyanobacteria and Others






Bleeding of the small intestine




















































































Direct action on cell membrane
Prymnesium parvum
Bernd Krock 2006


















Phycotoxins of Unknown Origin – Structures







































Bivalve Pinna muricata Bivalve Pteria penguin
Bernd Krock 2006
Phycotoxins of Unknown Origin – Toxicity
3. Diatoms, Cyanobacteria and Others
Pinnatoxins
Diarrhea, convulsions, paralysis
Calcium channel activators?
Pteriatoxins
?
